SUMMARY Endotoxins in plasma were monitored during treatment in 18 patients hospitalised for acute exacerbation of Crohn's disease: systemic endotoxaemia was found on admission in all but one. The patients were randomly divided into two groups: one receiving treatment with total parenteral nutrition and steroids. To decrease the absorbable endotoxin pool, the other group was additionally treated with whole gut irrigation and 5-aminosalicylic acid was added to the lavage fluid. In most of these patients endotoxaemia cleared after intestinal lavage and they needed shorter hospitalisation. Earlier improvement was also indicated by a faster decrease of the Crohn's disease activity index and vanHees index. In the group receiving conservative treatment alone, endotoxaemia was controlled within three weeks. We conclude that endotoxaemia occurs in most patients suffering from active Crohn's disease. Control of endotoxaemia after intestinal lavage suggests that systemic endotoxaemia is caused by absorption of endotoxins from the gut. Earlier improvement after whole gut irrigation indicates its beneficial effect in active Crohn's disease.
disease.' 2 Disorganisation of tight junctions shown by electron microscopy3 is probably a site of leakage from the gut, which may account for increased titres of antibodies against bacterial antigens in inflammatory bowel disease./6 Along with increased permeability of the mucosa, bacterial overgrowth of the gut was shown in inflammatory bowel disease.7 8 To date no microbial agent has been identified as the causative agent of Crohn's disease or ulcerative colitis.9 The combination of an abnormal microflora and a damaged mucosal barrier, however, may be relevant to chronic inflammatory bowel disease, through possible hazards of circulating bacterial antigens. Most studies have reported systemic endotoxaemia in active inflammatory bowel disease. " ('3 The importance of these results is not known and to our knowledge no study has so far documented endotoxaemia during treatment. The significance of endotoxin determination is unclear, as systemic
The coexistence of an abnormal microflora of the bowel and a damaged mucosal barrier was the reason for our previous studies of whole gut irrigation in the treatment of inflammatory bowel disease. The results obtained in a controlled pilot study'6 suggested a beneficial use of intestinal lavage in patients suffering from Crohn's disease. In patients with severe inflammatory bowel disease, endotoxaemia was controlled after whole gut irrigation. 17 The present investigation was designed to examine the incidence of endotoxaemia in active Crohn's disease and the significance of toxic compounds absorbed from the bowel by correlation with the course of relapses and by comparison of groups treated either with conventional therapy or in addition with intestinal lavage, a treatment modality which may be expected to be anti-endotoxinaemic. disease activity index'8 was > 150. Patients under 16 years of age and pregnant women were excluded. Patients with involvement of the upper gastrointestinal tract as the sole manifestation of Crohn's disease were not eligible. We also excluded patients who needed surgical treatment for high grade stenosis, abscess formation, or fistulae to the urinary tract. Patients with known bowel stenosis entered the study if there was no evidence of prestenotic dilation.
Patient's data are given in Table 1 . The diagnosis of Crohn's disease was established in all patients by characteristic radiograph findings; pseudotuberculosis had been ruled out. In patients suffering from Crohn's colitis the diagnosis was also confirmed by endoscopy and histology. One patient in each group had undergone previous resection. Two patients in the control group and three in the lavage group had perianal fistulae. On admi group had fever above 38--to the lavage group gave treatment. Randomisatioi patients.
TREATMENT
From the first day of hosp were given total parentera week and 2300 Kcal per 24 of 2500 ml through a cer avoid interference with re function, solutions contaii used. All patients received orally. If the colon was di was placed in the rectum and was connected to a bag for collection of the lavage fluid, which was saline 0-9% warmed to 37°C. A high flow-rate 9 1/h was ital admission all patients used to achieve efficient washing and to minimise 1l nutrition for at least one intestinal absorption. For early detection of high th were given in a volume grade stenosis the flow of the lavage fluid was itral venous catheter. To followed by sonography in patients with known -ticulo-endothelial system stenosis. All patients in the lavage group had two ning fatty acids were not lavages during the first week of hospitalisation on 10-75 mg/kg of prednisone the days indicated in Table 2 . In the first lavage 18 1 iseased sulphasalazine 3 g saline were administered, a volume that was effective and tolerable in our previous studies; two days later the lavage was repeated with 9 1. At the end of both lavages 5-ASA 4 g from a fresh suspension were added to the final 1l5 1 and the flow-rate was Whole gut slowed to 3 1/h. Control group irrigation In the first five patients who underwent intestinal lavage, serum sodium, potassium, and bicarbonate 4 4 were determined before, during and by the follow- 5 5 ing morning after whole gut irrigation. Body weight 22 4 28-7
was determined in all patients every day. Determination of endotoxin Blood for endotoxin determination was drawn between 8 and 10 am from a forearm vein into a 2 ml syringe which contained 0-1 ml of heparin. Care was taken to avoid air bubbles in the syringe and a new ampoule of heparin was used every day. The specimens were centrifuged and stored in pyrogen free glass tubes at -60°C. The laboratory was not aware to which treatment group the patients were allocated. Endotoxins in plasma were determined by a femtogram sensitive spectrophotometric assay, which has been described in detail. Whole The time required for hospital treatment was 38.1±3.85 days in the control and 23*7±3*0 in the lavage group (p=0012).
Endotoxin in plasma was detected on admission in all patients in the control and in eight of nine patients in the lavage group (Table 2 ). There were no significant differences between the two groups. Endotoxin in plasma declined gradually in the control group and was cleared within two weeks in five patients. A more rapid decline was found in the lavage group and significant differences between the groups were detected by days 4 to 11 (Fig. 1) . The one patient in the lavage group in whom endotoxin in plasma was not detected on admission, needed the longest hospitalisation in this group. In four of five patients suffering from perianal fistulae endotoxin increased after an initial decrease (patients nos 5, 11, 13, 17). In patient no 14 endotoxin in plasma declined after whole gut irrigation and although improvement was noted, endotoxin increased thereafter.
In both study groups all patients improved during treatment. The Crohn's disease activity index (Fig. 2 ) decreased more rapidly in the lavage group and was significantly lower than in the control group from the second week until discharge. The vanHees index (Fig. 3) was significantly different between the groups at week 3 only. Serum iron (Fig. 4 ) increased significantly at week 1 in the lavage group and remained raised until week 3. In the two patients who were pyrexial on admission, body temperature was normal by the third day. Fistula secretion decreased in all patients and ceased altogether in one patient (patient no 13).
All patients were seen in outpatients eight weeks and six months after discharge. Further improvement was noted and the Crohn's disease activity index was below 120 in all.
Discussion
There were no significant differences between the study groups on admission. The population studied may be regarded as representative but the number of patients with previous resections was lower than expected.
This study shows that whole gut irrigation was well tolerated by virtually all nine patients. Although large quantities of saline were given, electrolyte disturbance or weight gain were not detected. Besides the high flowrate which limits the time for absorption of saline, we attribute this good tolerance probably to impaired capacity of saline absorption in Crohn's disease.26 27 Endotoxin in plasma was detected in 17 of 18 patients on admission. This is in keeping with previous studies, which showed the association of endotoxaemia and active disease. On conservative treatment endotoxaemia was cleared within three weeks in most patients, but decreased faster in the lavage group. After whole gut irrigation decreased endotoxaemia was found in all endotoxinaemic patients. The assumption that intestinal lavage caused the decrease of plasma endotoxin is supported by the close coincidence of decreased endotoxins with the day the intestinal lavage was performed, which strongly suggests that endotoxin in plasma originates from the bowel. The portal vein has been reported to be the most important route for endotoxin absorbed from the gut. Small amounts of endotoxin reaching the liver are regarded as physiological.28 29 Large amounts of endotoxin absorbed due to impaired mucosal barrier function may exhaust the capacity of the liver to clear the portal venous blood of endotoxin and may result in a spillover into the peripheral venous blood.3" The results obtained with most patients in the present study support this hypothesis. In two patients in the lavage group endotoxin in plasma did not correlate with disease activity. Despite a severe relapse, one patient was negative for circulating endotoxin. In another, endotoxin increased after an initial fall, despite marked clinical improvement. Endotoxin in plasma may be raised without relation to inflammatory bowel disease for three reasons: the specimen may be contaminated despite careful sampling, or the test may be positive because of lack of specificity.31 A further explanation for raised endotoxin in plasma may be stress.32 A negative test for endotoxin in plasma may be caused by an inhibitor, or may show true absence of circulating endotoxin. As the patient negative for endotoxin experienced a severe relapse, we conclude that systemic endotoxaemia is occasionally not found in active Crohn's disease.
As correlation between the presence of perianal fistulae and endotoxaemia was found, two more sources of endotoxaemia have to be taken into consideration. Endotoxins circumventing the liver may originate from the fistula, or may be released and absorbed due to treatment with metronidazole. Increased liberation of endotoxin may be caused by metronidazole and has been reported for other antibiotics. 33 It may be argued that decrease of plasma endotoxin is not related to whole gut irrigation, but a consequence of possible anti-endotoxinaemic properties of 5-ASA. 5-ASA was given because remarkable benefit was reported from local therapy with this druj in patients suffering from ulcerative colitis.34 Intestinal lavage offers the opportunity to use this in patients with inflammatory bowel disease in the small bowel, or right colon. The antiinflammatory properties of 5-ASA are likely to result from local effects on prostaglandin metabolism36 and may thus act to stabilise the mucosal barrier. The results of our pilot study, which was done without the use of 5-ASA suggest, that improvement is also achieved with intestinal lavage alone. To clearly separate the effects of whole gut irrigation from the effects of 5-ASA a third group of patients receiving whole gut irrigation without 5-ASA will be needed. As there is little doubt about the beneficial use of 5-ASA in inflammatory bowel disease we do not believe that such a study is worthwhile.
The intestinal lavage group improved within 60% of the time required for the control group. There was early decrease of the Crohn's disease activity index and rapid increase of serum iron. The present investigation could not be done in a blind manner, so that patient's and observer's bias cannot be excluded. As an important result the hospital stay was significantly lower in the lavage group. Discharge was defined by a decrease of the Crohn's disease activity index below 120. In several studies the Crohn's disease activity index has proven a reliable parameter for the severity of Crohn's disease and subjective interpretation is unlikely. Among the measurements of therapeutic effect the vanHees index which is considered to reflect inflammatory activity is independent of subjective interpretation. The better outcome of the lavage group therefore allows the suggestion that benefit may be due to the lavage. Apart from decreased bacterial antigens, further possible modes of therapeutic effect may be a decreased penetration of bacteria which has been demonstrated in a study on pathogenic bacteria in mesenteric lymph nodes and ileal serosa during Crohn's disease surgery. 4 
